The paper describes basic methodology assumptions related to construction of Bayesian networks. The paper aims at preparation of data for modeling to obtain fresh knowledge on economic and agricultural database and will constitute the first stage of research. Variables (economic and agricultural indicators) with discreet values were used for analysis with the use of two step grouping technique and previous non-typical data were explored. The research was carried out on the group of three hundred individual farms from Małopolskie and Świętokrzyskie Voiovedship. The knowledge obtained from analyses will be used in practice in agricultural engineering in order to support agricultural activity.
Introduction
Research on the scientific and technical progress and its relation to work performance and land efficiency in agriculture constitute one of the leading research trends in agricultural engineering in the country and they are popular in the world literature (Michałek et al., 1998; Tabor, 2006; Kołodziejczak, 2008; Neal, 2014; Prisecaru, 2015) . This trend originates not only in the need of searching for complex measures of assessment of the level of intensity and modernity of agriculture but also in observation and direct cooperation with agricultural practice. Based on the extensive studies of the national and foreign literature and in particular those presented in the monography by Grotkiewicz et al., (2013) the attention was paid not only to positive aspects of suggested and tested methods of assessment of the intensity level of agriculture but also to methodological weaknesses of these methods, which finally influence the final research results, were emphasised (Grotkiewicz and Kowalczyk, 2015) . Basic statistical methods were used for comparison of significance of differences between the analysed indicators i.e. work performance and land efficiency and scientific and technical progress and at the same time relations between them were searched for with the use of fundamental statistical methods using a single -factor analysis of variance and analysis of correspondence (Michałek et al., 2010; Grotkiewicz et al., 2013) .
Another approach to present a relation between the analysed economic and agricultural indicators is investigation of relations between variables and more strictly between distribu-tion of discreet variables basing on the probability theory with the use of Bayesian networks. A bayesian network is an acyclic graph which includes the quality part which constitutes a set of variables -graph nodes along with relations between them and the quantity part which represents probability distribution for these variables (Campos and Javier, 2007; Kusz and Marciniak, 2006; Bartnik et al., 2006) .
A Bayesian network is a method of representing data which gives possibilities for conclusions . Based on the quality description (namely a graphic model structure) identification of conditional relations between variables (quantity and quality) is possible. Moreover, a farm model which meets the indispensable conditions to achieve the increase of productivity and factors which shape them can be construed. Concluding in the Bayesian network comes down to indication of probability distribution a posteriori if the model variable values are reported (Aczel, 2005) . Distribution of this probability may be directly used in supporting investment decisions . A possibility of using the algorithm of the Bayesian network for obtaining knowledge on economic and agricultural data base requires their previous preparation for modeling. The need to carry out analysis is justified not only because of the economic data variability to reflect the present market situation in the best possible way but also there is a need to exclude the values, which may be recognized as non-typical, possibly burdened with error which consequently will influence the final concluding.
The objective of the research
The basic objective and thus the first stage of this research is verification and preparation of data for Bayesian modeling in order to obtain fresh knowledge on economic and agricultural data bases.
Based on the data obtained from the group of 300 individual farms the exploration review was carried out and Two Step Cluster Analysis was carried out. The effect of research will be obtaining information on non-typical values in the set and on grouping values, which will be analysed.
Material and research methods
Material collected for research includes small farms from 10 municipalities located in the southern and central and southern Poland i.e. from Małopolskie and Świętokrzyskie Voivodeship. 30 individual farms were selected from each municipality. Both municipalities and specific farms within municipalities were selected purposefully taking into consideration specific criteria (Grotkiewicz et al., 2013) . The scope of questions was vast and included issues concerning: the land use structure, sowing structure, livestock, size and value of the machinery park, material inputs and their size, working force inputs, level of provided mechanical services, global production, clear production. Based on the collected number characteristics and calculated economic and agricultural indicators, the following quantity indicators were subjected to analysis, i.e. scientific and technical progress, work performance, land efficiency, global production, clear production. Methodology of calculation indicators of work performance and land efficiency, scientific and technical progress and the remaining economic and agricultural indicators were presented in previous papers (Michałek et al., 2008; Grotkiewicz and Michałek, 2009; Grotkiewicz et al., 2013) .
In order to analyse data from economic and agricultural base, firstly the input data which constitute 300 individual farms were explored. This analysis aimed at searching for and excluding non-typical data (Chen et al., 1996) . Necessity of carrying out the analysis of this type results from the process of preparation for modeling. It is also justified by assumptions which refer to the values introduced to the algorithm of the Bayesian network (Morzy, 2007) . For this purpose it was decided to use the analytical technique which searches for non-typical observations in data records on account of the values of all investigated variables and not only values of a single variable. The analytical procedure searches for nontypical observations in the group of data which is based on deviations from standards calculated for the formed concentrations (groups of records with similar values).
Each separate property was subjected to analysis (TwoStep Cluster Analysis) which aims at grouping values. Euclidean distance, relevant for the quantity nature of properties was selected as a probability measure of clusters and Schwarz's Bayesian information criteria which assesses adjustment of the model to the data subjected to analysis, was used for assessment of the number of clusters.
IBM SPSS Statistics 23 is the program which was used for exploration analysis and TwoStep Clustering.
Research results
The task on the exploration analysis was to search for and exclude incomplete, incorrect or insignificant data from the set of the explored data. Such data may be created at the initial stage of data collection, e.g. through providing by respondents untrue values or lacking values in some variables in the process of imputation, when data are incomplete. At the beginning of analysis, routine investigation of distribution of features representing economic and agricultural indicators were carried out and their relations were researched with reference to the area variable where non-uniformity of the value distribution for the analysed properties and border and outstanding values were reported.
Basic descriptive statistics for the investigated variables were listed in the following table (tab.1).
When analysing values and distribution of variables it was decided that for the possessed data set an analysis should be carried out which identifies non-typical observations basing on standard deviations. Excluding only border and outstanding values could remove real values, which despite the fact that they diverge from the standards indicated by measures of central tendency for the investigated properties they can describe the whole spectrum of values accepted by particular properties.
In the input parameters of the algorithm it was assumed that not more than 5% of non-typical observations will be looked for on account of all investigated economic and agricultural indicators. In total, the algorithm found out 15 such observations recognized as non-typical after the analysis of values of all variables was carried out. The table below (tab. 2) presents the number of records of the data set, which were selected on account of the value of the specific variable which determined the observation as non-typical. As a result of the above analysis, a new data set was obtained. It was reduced by 15 records in comparison to the original set which includes 300 observations. This new set including 285 records is an input set for preparing data for modeling with the use of the Bayesian network which will be carried out in the second stage of research.
Grouping values in economic and agricultural indicators
Bayesian networks require in the analysis properties with discreet values. However, the analysed indicators have constant values. These are variables measured in the quantity scale. At discretization in the first part it was decided to divide the values of each variable with regard to natural clusters of values in particular properties. For this purpose, a classification method was applied known under the name of Two Step Cluster Analysis (IBM, 2016) . The advantage of this method in comparison to other grouping methods is, inter alia, an assumption of independence of variables which enables the analysis of variables with combined multinormal distributions (Şchiopu, 2010; Park and Bartnik, 2006) . The Bayesian Information Criterion (BIC) also known as Schwarz's Bayesian information criterion is used for assessment of the number of clusters (Piłatowska, 2011) . Each separate property was subjected to analysis which aims at grouping values. Euclidean distance relevant for the quantity nature of properties was selected as a probability measure.
Below the table was presented (tab. 3) with the results of two step grouping with the use of Schwarz 's Bayesian information criterion (BIC) for global production. Values of Schwarz's Bayesian criterion in case of the PG variable indicate that the best model which divides values of this variable into 5 clusters (groups) was selected. Since this criterion evaluates adjustment of the model to data. The lower are the BIC values the better is adjustment (Kapłon, 2009) .
As a result of two step grouping with the suggested number of clusters for the PG cluster 5 groups of varied quantities and distributions of values, which are presented in the following table, were obtained (tab. 4). A similar scheme of operation was assumed in case of the analysed variable. Thus, assuming the same statistics for assessment of the model in case of analysis of clean production property its division into 5 clusters was recognized. The following table no. 5 presents its characteristics. For land efficiency WZ two step grouping algorithm divided this variable into 6 clusters. Table 6 contains their characteristics Work performance WP variable has 5 separate values determined based on the number of five clusters distinguished in the two step grouping analysis of the value of this variable (tab. 7). As a part of cluster analysis additional verification of correctness of their separation through the use of another analytical technique was carried out. This verification aimed at ensuring as to the nature and dimension of clusters. Analysis was carried out on the same set of data and for the same constant variables using the algorithm of hierarchical analysis of clusters (method of single binding). As a result of the analysis very similar clusters of variable records as those obtained for TwoStep Clustering were obtained. There are differences in the size of clusters but for the further course of analysis they are not considerable.
Conclusion
Based on the results of analysis which were carried out in order to prepare data for Bayesian modeling an exploration data review was performed and on its basis a new set reduced by 15 records in comparison to the original one was separated. Then, a two -step grouping algorithm was used, which unfortunately did not give the best effects from the point of view of division of values into groups with similar and at the same time considerable number. It results from the nature and distribution of the value of the investigated variables which are very consolidated. Basically in the natural distribution of values there is usually only one (sometimes two) big clusters of values and several small number clusters (and even single points) for the outstanding values. Probably one should carry out further reduction of the data set which aims at elimination of the outstanding values. However, on the other hand, such treatment could remove from the data set real values which describe the situation of the investigated farms with economic and agricultural indicators in a nonuniform manner. Very similar clusters of variable records as those obtained for TwoStep Clustering using the algorithm of hierarchical analysis of clusters which aim at verification of their separation were obtained. There are differences in the size of clusters but for the further course of analysis they are not considerable. Thus, in the further part of the analysis, it was decided to use results from grouping carried out with the two step cluster analysis.
The obtained knowledge from the analyses which were carried out may be used in direct practice with the use of Bayesian networks for developing an optimal model of agricultural farm located in a well -organized technical, economical and information infrastructure. Moreover, this model should achieve high indicators which present the level of intensity and competitiveness of agriculture and thus work performance and land efficiency which in turn will be presented in the second stage of research.
WERYFIKACJA WSKAŹNIKÓW EKONOMICZNO-ROLNICZYCH Z WYKORZYSTANIEM METOD STATYSTYCZNYCH NA PRZYKŁADZIE GOSPODARSTW INDYWIDUALNYCH
Streszczenie. W pracy omówiono podstawowe założenia metodyczne związane z budową sieci bayesowskich. Zadaniem opracowania jest przygotowanie danych do modelowania w celu pozyskiwania nowej wiedzy z ekonomiczno-rolniczej bazy danych i będzie ono stanowiło jednocześnie pierwszy etap badań. Do analiz wykorzystano zmienne (wskaźniki ekonomiczno-rolnicze) o wartościach dyskretnych posługując się techniką dwustopniowego grupowania oraz dokonano wcześniejszej eksploracji danych nietypowych. Badania przeprowadzono na grupie trzystu gospodarstw indywidualnych z województwa małopolskiego i świętokrzyskiego. Uzyskaną wiedzę z przeprowadzonych analiz będzie można wykorzystać w bezpośredniej praktyce w inżynierii rolniczej mając na celu wspomaganie działalności rolniczej.
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